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SOME INTERESTING OBSERVATIONS IN CHLORINE OXYFLUORIDE CHEMISTRY

KARL 0. CHRISTE AND WILLIAM W. WILSON

Rocketdyne, A Division of Rockwell International Corporation,

Canoga Park, California 91304 (U.S.A.)

SUMMARY -

r"i

A new synthesis of FOCIO was discovered involving the

fluorination of OA -- with ClF An unexpected oxygen

abstraction from CIF 0 was observed when CsClF40 was reacted
4

with FOSO2 F.

INTRODUCTION

We would like to report two interesting reactions observed

during our studies in the area of chlorine oxyfluorides. The

first reaction involved the low-temperature metathesis of

CIF6AsF 6 with CsClO 4 in anhydrous HF solution. In view of the

4.
D known NF4 + reaction [11

HF CbNF4 SbF6 + CsClO4  Tb + NF ClO4_ 450Cm Csb 6  4 N 4O

NF 4CO 4  250C so NF3 + FOClO 3

it was interesting to study whether ClF6 + is also capable of

6J



oxidizing CIO4 to FOClO 3. The thermal stability of ClF6CIO4
was found to be lower than that of NF4C104[1 and did not

permit the isolation of solid ClF6CI04 even at temperatures as

low as -454C. However, the corresponding decomposition products,

FOClO 3 and ClF5 , were observed in good yield.

ClF6AsF6 + CsClO4  45C CsAsF6  + [CIF 6C104 ]

[ClF6CO 4 ] ---- ClF5 + FOCIO3

Although this presents an alternative synthetic path to FOCO 3,

the NF4 + reaction is preferred from a synthetic point of view

since the NF4SbF6 starting material is more readily accessible
12).

The second reaction involved CsClF4 0 and FOSO 2F. Fluorine
fluorosulfate is known to be a useful reagent for the synthesis

of hypofluorites [31, such as

CsTeF 50 + FOSO2  - CsSO3 F + TeF 5OF

For CsCIF40, however, the major reaction was not the formation

of either the unknown ClF4OF or its expected decomposition

products, but oxygen abstraction accompanied by SO2F2 elimi-

ation according to the following reaction.

CsCIF40 + FOSO2 F CsCIF4 + SO2F2 + 02

This unexpected reaction path might be rationalized in terms of

an addition of FOSO2 F to the Cl-O bond in one of the favored [

resonance structures of ClF 40-[41, followed by an intramolecular
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nucleophilic substitution (SN ) reaction accompanied by 02
and SO2F2 elimination:

l Jn...*~
I -- o

To our knowledge, this is the first example of a reaction in
which FOSO2F acts as a deoxygenating agent.

EXPERIMENTAL

Apparatus. Volatile materials were handled in a stainless

steel-Teflon FEP vacuum line [5]. The line and other hardware
used were well passivated with CF 3 and, if HF was to be used,

with HF. Nonvolatile materials were handled in the dry nitrogen

atmosphere of a glovebox. Metathetical reactions were carried

out in HF solution using a previously described apparatus [61.

Infrared spectra were recorded on a Perkin Elmer Model 283

spectrophotometer. Spectra of solids were obtained using dry

powders pressed between AgCl windows. Spectra of gases were

obtained by using a Teflon cell of 5 cm path length equipped

with AgC1 windows. Raman spectra were recorded on a Cary
0Model 83 spectrophotometer using the 4880-A exciting line of

an Ar-ion laser.

Materials. Literature mathods were used for the sntheses
of CIF 6AsF6[7 CsCF 40[8 and FOSO2F[9] and for the drying of



the HF solvent [10]. The CsClO4 (ROC/RIC) was used as received.

Reaction of ClF 6AsF 6 with CsCl04 In the drybox ClF6AsF 6

(0.318 mmol) and CsClO4 (0.304 mmol) were placed into the

bottom U-tube of the metathesis apparatus [6]. On the vacuum

line, dry HF (1.1 ml of liquid) was added at -780C. The resulting

mixture was agitated at -45"C for 1.5 hr and then filtered at

-78*C through a porous Teflon filter while the filtrate was

collected at -45*C. All material volatile at -450 was pumped

off for 2.5 hr and separated by fractional condensation through

a series of traps kept at -126, -142 and -196'C. The -126'

trap contained the HF solvent and a small amount of FClO2. the

-142 ° trap contained a mixture of FOClO3 and ClF5 (0.445 mmol),

and the -196" trap contained FClO3 (0.128 mmol). Essentially

no filtrate residue was left behind. The white solid filter

cake (106 mg, weight calcd for 0.304 muol of CsAsF 6 98 mg) was

identified by infrared and Raman spectroscopy as CsAsF 6. The

FClO3 formed in the above reaction is attributed to decompo-

sition of a small amount of FOC103 . For a larger scale reaction,

the percentage of FClO 3 in the product is expected to decrease

significantly.

Caution! Fluorine perchlorate is highly shock sensitive

[11] and proper safety precautions must be taken when working

with this material.

Reaction of CsClF4 0 with FOSO 2F. In the dry box CsClF4 0

(2.24 mmol) was placed into a 10 ml stainless steel cylinder.

On the vacuum line FOSO 2F (4.97 mmol) was added to the cylinder

at -1960C. The cylinder was kept at OOC for 3 days, then cooled



to -1960C. Oxygen (2.23 mmol) was pumped off at -196"C, and

all material volatile at ambient temperature was separated by

fractional condensation through traps kept at -112, -142, and

-196°C. The -112* trap contained small amounts of ClF3 0, FC102

and ClF 3. The -1420 trap contained FOSO2 F (2.6 mmol) and SO2 F •.

(1.7 mmol), and the -196 ° trap showed SO2 F2 (0.52 mmol). The

white solid residue showed a weight loss of 39 mg (calcd weight

loss for 1.12 mmol of 02 36 mg) and was identified by infrared

and Raman spectroscopy as CsClF4 [12] containing a small amount

of CsSO3 F.

ACKNOWLEDGEMENTS

The authors are grateful to Drs. C. J. Schack and L. R. Grant

and Mr. R. D. Wilson for their help and to the Army Research

Office and the Office of Naval Research for financial support.

REFERENCES

1 K. 0. CHRISTE, W. W. WILSON, and R. D. WILSON, Inorg. Chem.,
19, 1494 (1980).

2 K. 0. CHRISTE, C. J. SCHACK, and R. D. WILSON, J. Fluorine
Chem., 8, 541 (1976).

3 C. J. SCHACK, W. W. WILSON, and K; 0. CHRISTE, Inorg. Chem.,
22, 18 (1983).

4 K. 0. CHRISTE and E. C. CURTIS, Inorg. Chem., 11, 2209 (1972).

5 K. 0. CHRISTE, R. D. WILSON, and C. J. SCHACK, Inorg. Synth.,
in press.

6 K. 0. CHRISTE, W.W. WILSON, C. J. SCHACK, and R. D. WILSON,
Inorg. Synth., in press.

7 K. 0. CHRISTE, W. W. WILSON, and E. C. CURTIS, Inorg. Chem.,
22, 3056 (1983).



8 K. 0. CHRISTE, C. J. SCHACK, and D. PILIPOVICH, Inorg.
Chem., 11, 2205 (1972).

9 F. B. DUDLEY, G. H. CADY, and D. F. EGGERS, J. Am. Chem. Soc.,
78, 290 (1956).

10 K. 0. CHRISTE, W. W. WILSON, and C. J. SCHACK, J. Fluorine
Chem., 11, 71 (1978).

11 K. 0. CHRISTE and C. J. SCHACK, Adv. Inorg. Chem. Radiochem.,
18, 319 (1976).

12 K. 0. CHRISTE and D. NAUMANN, Inorg. Chem., 12, 59 (1973).



O1/413/83/01

6EN/413-2

TECHNICAL REPORT DISTRIBUTION LIST, SEN/
NO. No.

Copies Copies
Office of Naval Research 2 Naval Ocean Systems Center 1
Attn: Code 413 Attn: Technical Library
800 N. Quincy Street San Diego, California 92152
Arlington, Virginia 22217

ONR Pasadena Detachment 1 Naval Weapons Center
Attn: Or. R. J. Marcus Attn: Dr. A. B. Amster
1030 East Green Street Chemistry Division
Pasadena, California 91106 China Lake, California 93555

Commander, Naval Air Systems 1 Scientific Advisor
Command Commandant of the Marine Corps

Attn: Code 310C (H. Rosenwasser) Code RD-1
Washington, D.C. 20360 Washington, D.C. 20380

Naval Civil Engineering Laboratory I Dean Will illes
Attn: Dr. R. W. Drisko Naval Post% iduate School
Port Hueneme, California 93401 Monterey, California 93940

Superintendent I U.S. Army Research Office 1
Chemistry Division, Code 6100 Attn: CRD-AA-IP
Naval Research Laboratory P.O. Box 12211
Washington, D.C. 20375 Research Triangle Park, NC 27709

Defense Technical Information Center 12 Mr. Vincent Schaper 1
Building 5, Cameron Station DTNSRDC Code 2830
Alexandria, Virginia 22314 Annapolis, Maryland 21402

DTNSRDC 1 Mr. John Boyle 1
Attn: Dr. G. Bosmajian Materials Branch
Applied Chemistry Division Naval Ship Engineering Center
Annapolis, Maryland 21401 Philadelphia, Pennsylvania 9112

Naval Ocean Systems Center I Mr. A. M. Anzalone
Attn: Dr. S. Yamamoto Adlmnistrative Librarian
Marine Sciences Division PLASTEC/ARRADCOM
San Diego, California 91232 Bldg 3401

Dover, New Jersey 07802



DL/41 3/83/01
053/413-2

TECHNICAL REPORT DISTRIBUTION LIST, 053

Dr. M. F. Hawthorne Dr. T. Marks
Department of Chemistry Department of Chemistry
University of California Northwestern University
Los Angeles, California 90024 Evanston, Illinois 60201

Dr. D. Venezky Dr. J. Zuckerman
Chemistry Division Department of Chemistry
Naval Research Laboratory University of Oklahoma
Washington, D.C. 20375 Norman, Oklahoma 73019

Professor 0. T. Beachley Professor K. M. Nicholas
Department of Chemistry Department of Chemistry
State University of New York Boston College

S Buffalo, New York 14214 Chestnut Hill, Massachusetts 02167

Dr. A. Cowley Professor R. Neilson
Department of Chemistry Department of Chemistry
University of Texas Texas Christian University
Austin, Texas 78712 Fort Worth, Texas 76129

Dr. W. Hatfield Professor M. Newcomb
Department of Chemistry Department of Chemistry
University of North Carolina Texas A&H University
Chapel Hill, North Carolina 27514 College Station, Texas 77843

Professor Richard Eisenberg Professor R. Wells
Department of Chemistry Department of Chemistry
Uv-iversity of Rochester Duke University
Rochester, New York 14627 Durham, North Carolina 27706

Professor K. Niedenzu
Department of Chemistry
University of Kentucky
Lexington, Kentucky 40506


